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1. INTRODUCTION

Most of the presently available codes for computing the solution to an electromagnetic tran-
sient problem are written to solve a specific class of problems. If one is interested in solutions to
several different types of problems, one must acquire familiarity with a number of different codes.
Each code must be examined for its range of validity, and it may have to be modified to fit specific
needs. This process may be prohibitively time-consuming, particularly if one is interested in ap-
proximate solutions for a wide variety of problems, rather than a very accurate solution to a
specialized case. It is the former type of solution, combined with information about the antenna or
cable impedance, that often suffices for a vulnerability analysis of a given circuit attached to the
antenna r the cable.

The computer code TEMPO was developed with the objective of providing approximate solu-
tions for a wide class of ele~ctromagnetic pulse (EMP) interaction problems in a form usable by a
circuit analysis code. The application of TEMPO was to be simple and efficient so that the user
would require a minimum amount of familiarity with the code, and the code was to be flexible so
that a wide variety of solutions could be performed for a number of different conditions. Finally,
the problems addressed by TEMPO were to be practical cases that could ultimately be related to
commonly occurring problems in an EMP vulnerability assessment.

2. CODE ORGANIZATION

Since TEMPO is used in the EMP vulnerability assessment of complex military systems, it is
organized so inat its application is an integral part of such an assessment. To do so, the EMP
coupling source is represented in terms of either a Thevenin or a Norton equivalent circuit, and a
circuit analysis is performed on the equivalent circuit and its load. Since the load circuit usually
contains nonlinear elements, the circuit analysis is performed in the time domain by using
available network analysis codes for circuits with nonlinear elements.

By separating the EMP vulnerability assessment into two parts consisting of the source
equivalent circuit and the load circuit, separate teams of investigators can be assigned to the two
types of probliems. Initially, the coupling analysis can be performed by using simple linear loads
for the equivalent circuit, and the load circuit can be analyzed independently from the coupling
source by using simple driving sources. After the coupling source equivalent circuit and the load
circuit are adequate!y modeled, they can be combined for a vulnerability assessment.

Most computer programs using a large scale computer (like the Control Data Corp. (CDC)
6000 series or the IBM System/36O or 370 family of computers) are executed in a batch mode.
This mode requires that the user prepare a number of control cards for running the program and
data cards for supplying the input parameters to the program. Since the process of preparing
such cards can be time-consuming, TEMPO allows for an option to generate the necessary infor-
mation for running the batch job using two interactive progr-ams. These programs are easily ex-
ecuted M a remote teletypewriter terminal and au-e designed to aid the user to accurately
describe the problem that he wants to solve.

With the interactive portion of initiating the batch job completed, the job can be placed in the
batch input queue at the central processing site, and output depends on the normal turnaround
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time at the computer center. By running the programs in batch mode, there are no limitations on
the size of the programs that can be executed, except for those normally applicable to a batch
job. In principle, TEMPO could initiate any pertinent EMP interaction code previously run in a
batch mode on a large scale computer.

The result of the computation initiated by TEMPO is normally obtainable in the form of a plot
of the transient response. The plot devices can be a remote line printer, a remote x-y bed plotter,
or a remote teletypewriter. By using the teletypewriter, it is possible to run TEMPO and obtain an
output even if the only remote terminal available to the user is a teletypewriter.

The programs described in this report were written to run on an IBM System370 Model 168
computer using the time sharing option (TSO), for the interactive portions. They were originally
developed to run on a CDC Model 6700 computer using INTERCOM' for the interactive portions.
Hence. TEMPO can be run on either system with only a few minor changes trom one version to
the other.

3. DESCRIPTION OF TEMPO PROGRAMS

3. 1 Interactive Programs

The present version of TEMPO is written to provide approximate solutions to basic prac-
tical coupling problems for interactions with cables, antennas, and apertures. There are many
programs and subroutines used for performing the calculations. However, the user need concern
himself only with the following two interactive programs for initiating the computation process.

3.1.1 Program INPUT

Interactive program INPUT allows the user to select one of five options. Three of the
options (ANTENNA, CABLE, and APERTURE) lead to solutions of coupling problems by using
theoretical models. The CW (continuous wave) option uses measured frequency-domain data to
describe the coupling. The FIELD option does not solve a coupling problem, but allows the user to
access program DRIVE without unwanted computations. After specifying a coupling problem, the
user is asked to supply information appropriate to that problem. For example, if the choice is
ANTENNA, he is asked to describe the antenna, specify the load at the terminal, and add other
facts. The user has an option to obtain a brief synopsis of the model used for the computation, in-
cluding references for additional information on the problem being solved. Once all the
parameters for a given problem are defined, the user is asked ft he wants output for intermediate
steps in the computation. These could be, for example, the frequency spectrum for the transfer
function, the impulse response, or the driving field. Finally, he must specify the output medium for
any intermediate steps and the transient response for the problem.

3.1.2 Program DRIVE

Interactive program DRIVE prompts the user to enter the type of incident field to be

used for the problem. Several options for the incident field are available:

'OSNVS? ES' Command Language Reference, IBM Technical News Letter G3C28 0646 3 (July 1976)
16000 Series INTERCOM 3 Reference Manual. Control Data Corp Publication 60252800 Rev B (January 1972)
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a. A data file, such as an experimentally determined incident field

b. One of several types of analytic functions (a Gaussian pulse, a sum of two or four
exponential curves, a damped sinusoid, a square wave, or a step wave)

c. A high altitude incident field whose wave shape can have one of the six functional
forms in option b

d. An approximation to the surface burst EMP

Once the choice of the incident field has been made, there is an option to compute the driving
field either in the time domain or in the frequency domain, If the incident field is determined from
experimental data in the time domain, then there is no choice. However, if the incident field is an
analytic function, then computational error generally is minimized by specifying the driving field
to be computed in the frequency domain.

3.1.3 Features of Interactive Programs

An attempt has been made to anticipate questions that a user might have during an
interactive session, and information is provided to the user in response to a HELP command. For
example, the user may be asked to specify the type of coupling problem. If he issues a HELP Corn-
mand, the program gives him information on what types of coupling problems can be solved by
using TEMPO.

After the interactive session is completed, a batch job is generated. This job can be
submitted through TSO to the batch input queue by issuing a SUBMIT'HK3O1O.JOB.CNTL' com-
mand. Alternatively, if a punched deck of the job was requested during the interactive session,
this punched deck can be submitted independently of TSO. Once a punched deck for the job has
been obtained, this job can be submitted through a card reader at a batch terminal.

3.2 Batch Programs

The remaining programs perform the numerical computations and generate an output
for the problem specified. They consist of several independent mainline programs and
subroutines that pass pertinent data to one another via temporary data sets. Which program is ex-
ecuted depends on the type of problem being solved. For example, the INVERT (inverse Fourier
transform) program may or may not be required, depending on whether or not the computations
are performed in the time domain. The following sections and appendix A describe the mainline
programs and their subroutines.

3.2.1 Procedure 10

Although not a FORTRAN program, procedure 10 initiates all of the files to be used for
inputting, outputting, and transferring data. This procedure creates a file on unit 2 called the 10
file and then stores the input-output control (10) data on the tile. The 10 file is then read by each
program. It both passes pertinent coupling parameters from one program to the next and controls
the task of each program. The 10 file also stores any measured data submitted with the job.



3.2.2 Program FRO

Mainline program FRO reads.the 10 file, defines the problem to be solved, and calls

the appropriate subroutine to compute the frequency spectrum for the response. After the fre-

quency spectrum is computed, the resulting effective height and antenna impedance are written
on two separate files for further analysis. Subsequent Fourier transforms are computed for 2048

equispaced frequency points by using the fast Fourier transform (FFT) or for 256 equispaced fre-
quency points by using the LFILON transform.

3.2.3 Program ZANT

Program ZANT computes a lumped parameter network (LPN) equivalent to the anten-
na impedance for the problem being solved. The program is used if a time-domain equivalent cir-
cuit is required to represent the coupling problem. It applies when the antenna impedance shows
multiple isolate resonances, so that the antenna impedance is easily represented as a series of
parallel resonant circuits.

3.2.4 Program FIELD

Program FIELD computes the incident electric field either in the frequency domain or
in the time domain as specified by the user. The subsequent convolution with the impulse t
response for the problem is performed in the corresponding frequency or time domain. The op-
tions available for computing various types of fields have been described in the discussion of in-
teractive program DRIVE.

3.2.5 Program CONVOL

Program CONVOL computes the convolution of two functions, (1) the incident field
and (2) the impulse response for current or voltage for a given coupling problem. For a field scat-
tered by an aperture, the second function is the impulse response of the aperture. If both func-
tions are in the frequency domain, the product remains in the frequency domain. If both functions
are in the time domain, the convolution integral is performed by using a simple numerical integra-
tion in the time domain.

3.2.6 Program FOURIER

Program FOURIER transforms any one of three types of frequency spectra from the
frequency domain to the time domain: (1) the effective height of the current or voltage for a given
coupling problem or the transfer function for the field scattered by an aperture, (2) the electric
field component for the incident or ground-interactpd field, or (3) the product of two functions
such as the incident field and the effective height of an antenna.

The Fourier transform is performed by using either (1) the Cooley-Tukey' algorithm for
the FFT or (2) a numerical integration combining trapezoidal and Filon techniques (LFILON).' The
FFT is used in most cases, and the LFILON transform is available to verify the results obtained by

'J W Cooley and J W Tukey. An Algofithm for the Machine Calculation of Complex Fourier Series. Mathematics of Computation, 19 (April
1965)
'O G Dudley, Numerical Inversion of the Fourier Transform A Combination Trapezoidal and F/lon TechniQue. Lawrence Lovermore
Laboratories. Livermore, CA UCRL -51878 (1975)
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using the FFT. The FFT is performed by using 2048 equispaced frequency points, whereas the
LFILON transform is performed by using 256 points. At present, the frequency points are
equispaced for the LFILON transform. However, in general, the LFILON transform can be used
with an arbitrary number of points with arbitrary spacings in the time domain, the frequency do-
main, or both.

3.2.7 Program OUTPUT

Program OUTPUT controls the output processing for a given run. The various
selected computed functions are plotted on a bed olotter, a line printer, or a teletypewriter,
depending on which device was specified as an output device. The plot routines are described
elsewhere for the bed plotter' and for plots on the printer 6

4. METHODS FOR EXCHANGING DATA BETWEEN BATCH PROGRAMS

Since TEMPO is a composite of various single purpose programs, the data must be passed
from one program to the next. Likewise, the instruction set and the problem parameters must be
accessed by each program. The following sections describe the input-output controls, the
parameters, and the file allocations.

4.1 Definition of Temporary Data Sets

Tape unit File name Type of data

1 - Temporary data storage used by program OUTPUT
2 to Input-output and problem definition parameters
3 FIMP Frequency-domain impulse response spectrum
4 IMPLS Time-domain impulse response spectrum
5 FIELD Time-domain electric field
6 PRINT Output to printer or teletypewriter
7 SYSOUT=B Output to bed plotter
8 FFIELD Frequency-domain electric field
9 FRESP Frequency-domain response to incident field

10 RESP Time-domain response to incident field
11 ZA Antenna and cable impedance

'T V Noon, Enhanced Plotting Software for Use with the Houston instrument COAPLOT Plotter. Harry Diamond L8boratories HDL
rM.75.32 (December 1975)
'Egon Marx. Printer Verston of Plots Made by an Incremental Plotter, Harry Diamond Laboratories HDL TM 75.33 (December 1975)
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4.2 Description of /0 Data Cards

Card Labl Description

1 t Time increment for computing transient wave shape
2 IOFLAG (I), Flags to indicate which type of output and which type of

I = 1 to 10 output medium are desired
3 FLAG (I), Flags to describe type of problem to be solved and type

I = 1 to 20 of field to be computed; also referred to as FLAG IA.
IB ... , IR

4 to 7 PARAM (I), Parameters to describe geometry and physics of scattering
I= 1 to 20 object

8 to 10 FPAR (I), Parameters to describe incident electric field for problem
I=1 to 18

4 3 Definitions for Input-Output Flags

Term Defini on

MULCURVE IOFLG9 =1, 2, . . Depending on whether RESP, FIELD. contain
multiple curves

NCURVE IOFLG10 =Number of curves - 1 that are to be plotted if MULCURVE * 0

FSPEC IOFLG4 =0 plot magnitude and phase
=1 plot real and imaginary

IOFLG(I), I = 1, 2, 3, 5, 6, 7. 8, are the outputs of files RESP, FIELD, IMPLS,
FRESP, FFIELD, FIMP, and ZA, respectively, and are plotted in accor-
dance with IOFLG4 and the following:

Linear x and y scales:
IOFLG(I) =1 plot output on teletypewriter

=2 plot output on printer
=3 plot output on plotter

Allowed values for IOFLG(I) I = 1. 2, 3, 5, 6. 7. 8

Linear x scale, log y scale for magnitude, real, imaginary
and

Linear' x scale, linear y scale for phase:
IOFLG(I) =5 plot output on printer

=6 plot output on plotter
Allowed values for IOFLG(I) I = 5, 6, 7, 8

Log x scale, log y scale for magnitude, real, imaginary
and

Log x scale, linear y scale for phase:
IOFLG(l) =8 plot on printer

=9 plot on plotter
Allowed values for IOFLG(I) I = 5, 6, 7. 8

10



4.4 Flag Card

The 'ag card has 20 integers in columns 1 to 20: flags IA to iT. The flags control The
routing within the mainline programs and the subroutines so that the desired problem will be solv-
ed. Figures 1 to 8 indicate the uses of the flags.

COMPUTE FIELD ONLY MFINE

OUTPUT

MAINLINE
PNUOGEAM
ONIVE

Figure 1. Definition of flags IC, ID (mairline-INPUT).
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COMPUTE CURRENT
OR VOLTAGE

IC/1I=

CRENT VOLTAGE

TYPE OF CABLE

IA=1 IA=2 PITA HC

SINGLE TWO RSOS

CONDUCTOR CONDUCTOR

DESCRIBE MODEL RESPONSE RESPONSE RESPONSE

f IA = 2 
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Figure 4 DeIiino lg IA, E(PETR)

RETU RN OMILTO

Figure 5. Definition of flags 1A, lB (DAPET.)
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DOMAIN FOR
COMPUTING FIELD

TIME FREOUENCY

IN-0 IN=I
Eh POLARIZATION Ev

IP=O IP=I

VERTICAL ADIAL
COMPONENT LCOMPONENT

PARTS TO BE COMPUTED

IR=O IR=I IR=2

TOTAL GROUND INCIDENT REFLECTED
INTERACTED FIELD ONLY FIELD ONLYFIELD

TYPE OF INCIDENT FIELD

IK=1 IK= IK=3 IK=4 IK=5

RESPONSE FUNCTION SIMULATOR HIGH ALTITUDE SURFACE
ON CARDS OR ON CARDS

SET UP PROCEDURE
REOUIRED FOR BATCH
Joe

Figure 6. Definition of flags I-K, IM, IN (mainline- DRIVE).
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TAILIE OFl E

Fgr7 enioio agI(FUNCTION)

ANNIOORMATIO FORM A E PNUOSMATIEN

SIMNNIN (DRIVE)ULS

Fge8DEXPONENTIAL Io EXP o A PULSE SiULAORSI EXPONENT
REQUES REQES REQES REQUES REQUEST Il ' REUS
APPROPRIATE APPROPRIATE APRIIA OflATE APPR|OPRIATE = ATE APPROPRIATE

INFORMATION INFORMIATION INFORMATION INFORMATION NFMAON REQUEST INFORMATION

INFORMATION

IF

RETURN TO ]MAINLINE (DRIVE)

Figure 7 Definition of flag IL (FUNCTION)

TYPE OF
SIMULATOR

° I 
FROM AESOP REPS VEMPS
CARDS

APPRPRIAE /APPROPRIATE APPROPRIATE
INFOMATIN /INFORMATION IINFORMATION

''!RETURN TO

MAINLIN E (DRIVE)

Figure B, Definition of flag IL (SIMULATOR)



The following flags are used in additon to those defined in figures 1 to b

Flag Description

IH Computation of equivalent network for antenna impedance
IH - 0 computation not required
IH =1 computation required

IS Method used for computing Fourier transform
IS-0 use FFT
IS = 1 use LFILON transform

IT Debug option
IT = 0 no debug option
IT - 1 debug option desired

4 5 Definition ol ARRAY Parameters (PARAM) I to 20

Parameter Definition

PARAM( = RHO (resistivity) definition when solving cable problem
RHO - - 5E-5 if analytical model C1 is used
RHO = I /SIGMA (SIGMA - ground conductivity) if analytical

model C2 is used

PARAM(2) For cable problem. = R1 of series resistance-inductance-capacitance (RLC)
at cable terminals (ohms).

For antenna problem, = R of RLC load at antenna feed point (ohms)
For continuous wave (cw) problem, = R = load resistance (ohms)
For aperture problem, = H = length of aperture (meters)

PARAM(3) For cable problem, = L1 of series RLC at cable terminals (henries)
For antenna problem, = L of RLC load at antenna feed point (henries)
For cw problem, = IND= load inductance (henries)
For aper'ure problew. = W = width of aperture (meters)

PARAM(4) For cable problem, C1 of series RLC at cable terminals (farads)
For antenna problem, = C of RLC load at antenna feed point (farads)
For cw problem. = C = load capacitance (farads)
For aperture problem, = R = distance from aperture for computing electric

field (meters)

PARAM(5) For cable problem, = R2 of series RLC at cable terminals (ohms)
For antenna problem.

= H - length of antenna for monopole and dipole antennas (meters)
8 8 = loop radius fo, loop antennas (meters)

= H - missile length for missile problems (meters)
= Hi 0 3 for AS1852 antenna. = 0 35 for AS1852 antenna (meters)

17



Parametei Definition

PARAM(6) For cable problem, = L2 of series RLC at cable terminals (henries).
For antenna problem,

= D = antenna diameter for dipoles or monopoles (millimeters).
= R = wire radius for loop antennas (meters).
= A = missile radius for missile problem (meters).

For cw problem, = RES = antenna resistance (ohms).

PARAM(7) For cable problem, = C2 of series RLC at cable terminals (farads).
For antenna problem,

= X = H*XIN (H = missile length) representing relative position between
missile tail and missile nose for current calculations (XIN = decimal
number between 0. and 1.).

= X = HPXIN (HP = missile plume length) representing relative position
between plume tip and missile tail for current calculations (XIN - decimal
number between -1. and 0.).

= LL = 2000 for system antennas AS1 852 and AS1 853.

PARAM(8) For cable problem, = L = cable length (meters).
For antenna problem,

= HP = plume length for missile problem (meters).
= ZO1 = 50 for system antennas.

PARAM(9) For cable problem, = X = value between 0. and 1. representing tractional
distance along cable for computing response.

For antenna problem,
- R1 of series RLC termination on cable connected to antenna for system
antennas (ohms).

= SIGMA = plume conductivity for missile problems.
- 1.E7 (automatically) if plume length = 0.

PARAM(10) For cable problem, = H = height of cable aboveground (meters).
For antenna problem,

= HG = height of antenna terminal aboveground for system, loop, monopole.
and dipole antennas (meters).

= HG = height of missile aboveground for missile problem (meters).
For cw problem, = HG = height of test point aboveground (if antenna
resistance is greater than zero) (meters).

For aperture problem, = HG = height of center of aperture aboveground
(meters).

PARAM(1 1) For cable problem, = D = conductor diameter (meters).
For antenna problem,

- Li of series RLC termination on cable connected to antenna for system
* antennas (henries).
= ALPHA = damping constant for missile problems.

PARAM(12) For cable problem, = S = separation distance between cables for two-
conductor cable (meters).

For antenna problem,
= RP1 = inner plume radius for missile problem (meters).
= C1 of series RLC termination on cable connected to antenna for system
antennas (farads).

18



Parameter Definition

PARAM(13) For antenna problem, = outer plume radius for missile problem (meters).
For frequency plot, - multiple of frequency increment (DF).

PARAM(14) For frequency plot, - maximum frequency for response plot (hertz).

PARAM(1 5) For frequency plot, - maximum frequency for field plot (hertz).

PARAM(16) For frequency plot, = maximum frequency for impulse plot (hertz).

PARAM(17) For frequency plot, = maximum frequency for impedance plot (hertz).

PARAM(18) For time-domain output, - maximum time for transient output (hertz).

PARAM(19) For time-domain output, - maximum time for field plot (hertz).

PARAM(20) For time-domain output, = maximum time for impulse plot (hertz).

4.6 Definitions of Field Parameters (FPAR) I to 18

Parameter Definition

FPAR (1) For function-described field, = peak amplitude (volts/meter) = YMAX.
For simulator field, = YMAX = peak free field at 50 m.
For surface field, = YMAX.

FPAR (2) For Gaussian field, - WIDTH - pulse width (nanoseconds).
For two-exponential field, = ALPHA = one of two decay constants (per
second).

For sine-function field, = OMEGA = (2,PI)lPERIOD *1.E9 (PERIOD in
nanoseconds).

For four-exponential field, - ALPHA = one of four decay constants.
For square-wave field, = WIDTH = pulse width (nanoseconds).
For surface field, = ALPHA.

FPAR (3) For two-exponential field, = BETA = one of two decay constants (per second).
For sine-function field, = ALPHA = 1.E9le-folding time (e-folding time in

nanoseconds).
For four-exponential field, = BETA = one cf four decay constants.
For surface field, = BETA.

FPAR (4) For four-exponential and surface field, = GAMMA = one of four decay
constants.

FPAR (5) For four-exponential and surface field, = ETA = one of four decay constants.

FPAR (6) For fou- exponential and surface field, = Al = one of the three "weighting"
constants.

FPAR (7) For four-exponential and surface field, = A2 = one of three "weighting"
constants.
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Parameter Definition

FPAR (8) For four-exponential and surface field, = A3 = one of three "weighting"
constants.

FPAR (9) For simulator field, = RO = radial distance from simulator (meters).
For high altitude field, = THETA = angle of incident field with respect to

ground (degrees).

FPAR (10) For simulator field, = R2 = height of simulator aboveground.
For all other fields, = PHI = polarization angle of total E-field vector measured

up from horizontal (degrees).

FPAR (11) For computing reflected component of high altitude incident field, = SIGMA
= ground conductivity (default value = 0.01 mho).

FPAR (12) For computing reflected component of high altitude incident field,
= EPSILON = ground dielectric constant (default value = 15).

FPAR (13) For following three cases (loop antennas only), FPAR (13 to 18) have following
values:

For loop horizontally oriented with THETA (angle of field with respect to
ground) less than or equal to 45 deg (orientation of E-field's polarization is
unimportant here).
For loop vertically oriented with E-field vertically polarized parallel to plane of
loop (THETA must be less than or equal to 45 deg).
For loop vertically oriented with E-field horizontally polarized (no restrictions
on field's orientation with respect to loop (THETA must be greater than 45
deg).

FPAR (13) = EX = 0. FPAR (16) = L =-1.
FPAR (14) = EY = 1. FPAR (17) = M =0.
FPAR (15) = EZ = 0. FPAR (18) = N =0.

For following three cases (for loop antennas only), FPAR (13 to 18) have
following values:

For loop horizontally oriented with THETA greater than 45 deg (orientation of
E-field's polarization is unimportant).

For loop vertically oriented with E-field vertically polarized perpendicular to
plane of loop (THETA must be greater than 45 deg).

For loop vertically oriented with E-field horizontally polarized (no restrictions
on field's orientation with respect to loop) (THETA must be less than or equal
to 45 deg).

FPAR (13) = EX = 0. FPAR (16) = L =0.
FPAR (14) = EY = 1 FPAR (17) = M =0.

FPAR (15) = EZ = 0. FPAR (18) = N =-1,
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APPENDIX A

A-1. PROCEDURE TEMPO

Procedure TEMPO (listing A-1) can be used through the time sharing option (TSO) to execute in-
teractive programs INPUT and DRIVE. After procedure TEMPO is completed, the new batch job can be
submitted to the job stream by specifying a SUBMIT JOB command. The various data sets such as 10,
CW, and JOB can be examined and altered by using the TSO EDIT command

Listing A-1. Procedure TEMPO

00010 PROC 0
00020 CONTROL NOMSG
00030 FREE FILE(FTOlFOO1,,FT02FOOIFTO3F00L FT04FOO.,IFT05FOO IFT07FOO)
00040 CONTROL MSG
00050 ALLOCATE DSNAME(*) FILE(FTOIFOOI)
00060 ALLOCATE DSNAME(*) FILE(FT02FOOI)
00065 ALLOCATE DSNAME(UO) FILE(FTO3FO01)
00070 ALLOCATE DSNAME(JOB.CNTL) FILE(FTO4FOOI)
00080 ALLOCATE DSNAME(CWDAT) FILE(FTO5FOOI)
00090 ALLOCATE SYSOUT(B) FILE(FTO7FOOI)
00100 FORTGO (INPT)
00110 FORTGO (DRIVE)
00120 CONTROL NOMSG
00130 FREE FILE(FT01FOO1,FT02FOO,,FT03FOO1,FT04FOO,.FTO5FO0,FT07FOO)
00140 CONTROL MSG
END OF DATA
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A-2. PROCEDURE 10

P'rocedure 10 ;stng A 2) ;s usecd the firs! ! me that the 10 parameters are to be read fromn cards A,.
the s~trye tine a: temt ,orary data sets to be used in a TFMPO batch job are defined

Listri , A-L Procedure

//$ TJHARRIS, 30-599-1714', 1 JUt Y 1?8-, 1, D IN II E
114 IITWF INPJT AND DATA FILES

//*THIS PRUCfDJRE R[ADS I N 10 DATA CA DS USED TO DSCkIBE THE PRUbLfM
TO* BL E EXECJTEU PY THAPLi. 1H15 INLLUDES DT,IUFLAGII), FLAGIII,

P/JfY E X f PGM=IE (GE~tk

//SYSIN DD DU44Y
//SYSPRINT D1 DUM4Y
I/SYSJ2 DU VSN=Lt JuL)ISP= (NhdPASS ),JNIT =SYSOA,

II SFACE=(TRK,II,11 1,
1/ DCB I RE(FM4F N, LR [CL C ,H 1K 51E=8C I

//F1U3FJ01 PD DSN LLF 1tMP.D 1SF 4NEkq,AS5 I
// Usd1 =V IDSPA(E=(TIkK, (1,1)I
// CCt=(kEC'fMPVS,bLK5 Iif=4.L96)

//FTu'sFDJI DD DSN=LI.IMPL 5,D1 P=(Nfw,Pf.SS)v
// L'NT=IJ3,SPACE= ITkKI , I,
If OCP I REEf M=VS BL.KS liE 4C.9t,)

I/F TO5FDOI OD DSN=tLFI1LD,DI SP= IN1W,PA5SS),
1/ UN IT V IO,SFAC I TkK , (1,)),
If i~Lb'-I REC'P=VSEfLKSIZE=',C96J

IIFIO6FDOI LU 0SN.-LEPRINT,0ISP ANEIW,PASS),
// UNIT=VIJ,SPACf ITRK, 19,GI I,
1/ OCH=I R ELFM=F A ,L R [L 133,BL SIZE d 33)

IIFT07FDUIl 1)D DSN LLPUNDATA,L.15F= I-NF ASS),
II JNIT=V1L,SPACE =ITRKI(,I 1 ),

D/ DCB =I R E C FM F B ,L R[C L 8u09b L K 5 Z I 10J1
I/FTO3f0O1 [I D D SN L L FF I E L.DDI S P :INE ~P A S 1
IIU41I=VD,SAF=(TkK, (1,I1 J
IIDk;IkZFMVS,BLKSIZE 4('9()

//FT09FK0O1 bb D 5N 'LLEF P k )D ,DJI5SP = 1N f lP A S 1
II UNIT -VI],SPA(EztTI,(, I)),
If DC~r,=IIEFMdS5,BLKS~IEf=4.9bJ

//FI10F0O1 Di) DSN=I.LRE5PD1SPzINEwq. ASS I,
If UN4IT=VIOSPA(Fz ITYK,I1,1 ),
// 0[[=IRECFMzVS,bLKSIlE=4(9f)

I/FT 11F3U1 UD 0SN=(LZA,DISP=(NEw.VASSl.

II 1 (RFCFMzV5,BLKSIZE='. 96)
//FT20FDI DZ DSN=ELNLIN,DJSP=INE4wPASS)q

If U41I1VI),5PACEzATRK, 19,91)I
If DCP=IkE'lFMzVS.8LMSIZF=4t 90.
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APPENDIX A
A-3. PROCEDURE 101

Procedure 101 (listing A-3) reads cards into a specified temporary data set The default value to,
the temporary data set is 10. since this procedure is normally used to read a new set of parameters io
the temporary data set 10.

Listing A-3 Procedure 101

//1031 PRJC fILE=LLEIO,LUTzX
11* sW. J. STARK, 664-t,234, 17 Aji 17, INDEfINJIk
/0READS 13 DATA

/1131 tXFC PGM=IEF (4N[I
'/S'rS1N CID DUMMY

//SYSPR~iNT DO JUM4Y
//SYSJt2 00 VS'4=LFILE,OlSP=(OLUPASS)
i/C3PY EXKEC P.M=tE bGINfR .(UND=EVEhI
//SYSIN DID DILtMY
//SYSPRINr DU )UM,1Y
//SYSJTI DO USN=tFILi,DLS-P=tDLt,PASS)
1/SYSJT2 00 SYSUjLT=ELLIT

A-4. PROCEDURE 102

Procedure 102 (listing A-4) copies a short term or permanent data set into a specified temporary
data set The name of the input data set must be specified on the EXEC statement The default value for
the temporary data set is FIMP, since this procedure is normally used to copy continuous wave (cwl data
into the tem porary data set FIM P. it g A 4 Pr c d e 0

//132 PR3C IN=,UJ1-9LLfIMP'
II' l. J. STARK, 664-6234, 2i APR 77, I1flIFINI'E
/*COPIES FILE.5

//L3Py EX(EC PGM=IEEGENER
I/SYSI 4 DD DUMMY
//SYSPRINT DOD DUMMlY
//SYSJI1 D US'd=LIN,DISP'1(LO,KEEU)
//SvSJr2 DO VSN=ELOUT ,O1SP=(UEDDPASS I

E/ EXIC PGM IfbCE NI:R9CON D=E VEN
//SYSIN DO DUMM'Y
//SYSPRINT 3D )Um~kY
//SY5J1'1 DO DSN=EOUT,DISP=I(DLD,lPASS I
//SY5ST2 DD SYS[DUT=A
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A-5. PROCEDURE FRO

Procedure FRO (listing A-5) loads and executes program FRO with the appropriate subroutine The
appropriate FAMP subroutine must be specified on the EXEC statement Otherwise, the default value of
FAMP 1234 is used It more than one frequency spectrum is to be computed, then FDISP = MOD must be
specified on the EXEC statement

Listing A-5 Procedure FRO

//FREQ4 PRt([ FAMP=FAMP1234.FVISP-LI)91D1 P=ULD
/ TOM HARRIS,,O3-199-17.5, I JULY 1v80 q INDEFINITE
/'CJ'MPUTtS IAMP FILES5

//LiEJ EXEC P 1M wLRIG1, - 0 V iM N-A l.IS L,~tFq

TH~1115 PRO(EOuRE EXICUTES THE FR Q-ItNCY IMPULSE RESPUNSEF MAINLINE
I Pkd(,RA 4 . THE PRCICEDUkE CARD &IJST HAVE FAMP=FAMPSUBROUIINE[ TO BE
/* EXECJTE).

//SYSPR&IIT )L )u M4 y
//SYSL13 DV OSN=*HK3O1'..TEMPV4'.D1S'=SHR

DD M DSN=SYS1.fDRTLIB,D1SP=-1R
IIDIP DSN=SYSI.PAGLOU0,0SP=S-4R

//SYSJII DU UNIT =SYSDA,SPA(E =1IC24,(?O290)
/f5YSLM3i DO DSN=LASE TiMA INJ,UNIT=5YSDA,DISP=4,PAS51,

1/ SPk1[E=1TRKq,1~10,iIj
//SYSL IN D11 :)SN HK 30 14 .LKE 1I1N4uI LF AM - 1,v0 I S PSHR
//FREQ E XEC PGM=*.LKFD.SYSLM[1D,(OND= (0 LT LKED)
//FT0?FD01 DID DSP.=ELIEI,DISP= IUL0.P4SS)
/IFTO3FDO1 DD O5N=EEF IMP ,DISP=(LFDISP,PASSI
//fTC6Fj01 UL) DSNzLLPKINT,DI SP=(MUD,PftSS)
I/FIUBFD V D DSN=ELFF ItLtjDISPt()L,PASS I
I/FTO9-DO1 UD DSN=LLFPkOD,DI SP=(OLD.PBISS)
I/FTIIFDO0 DD DSN=ELZA,DISP=1L2OISP,PASS)
I/FT,?DFDOI DD DSN=ELNLIN,DISP=(LLDPASS)
I/DDI D DD0SN E E50SE T D01 SP= (LL'DE LE T tl
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A-6. PROCEDURE EFIELD

Procedure EFIELD (listing A-6) loads and executes programs EFIELD and EFIELl.- If more than one
field is to be computed, FRO = MOD or TIM = MOD must be specified on the EXEC statement, depending
on whether the field computation is in the frequency domain or the lime domain.

Listing A-6. Procedure EFIELD

/IEFIELOH PRE.C FK3=OLO,TIM=41LD
1$TO'S IARRUS,303--599-1745. 1 JULY 1)8D INDEFINITE
I*C04PUTES EFIELO

/* THIS PAO(EDURE EXECUTES THE kFIELV MAINLINE PRUGRAM.

//IKED EXEC PGM=IEWL,REGl3N=250K.PAU4= NO)MAP,LISI,NUJXRtFLET'
//SYSPRINT DO DUMM4Y
//SYSLIB 31) DSN=1HK3OI4.TfMPC40,DISP'=SHR

1/DO DSN=SVS1.FUjRTLItiDJ PzS-R
1/0D )SN=SYS1.PA(,LUADODZP2SiR

//SYSiT1 DID LNIT=SYSA,SPACE=(1I24,(Z,2O?)))
//SYSLMOD DO) DSN=ELL&USET(MALNI,UNIT=SYSDA,DISP=(,PASS),

1/ 5PICE=1TRK,(1O0lO,211I
I/SYSLIN ')0 2SN=HK3011..LKEOIN4(fF tE DJOISPz5HR
//EFLD E XEC PGM=*.LKEO.SYSLMLD,(ONV= IS,LT ,LKfOI
/IFTOZFDOI D0 DSN=EIUtD ISP= (0LD.PASSI
//FTO3F)U1 DD DSN=LLFIMP9DlSP=1LbLC,PASS1
//fTOSFDO1 DD DSN=ELFIELD,DI SP=(ETIi,PASS I
liE T~bFOOl ID VSN=LLPR INT,)I SP=1MII),PASSI
//FTOBFDOI DU) DSN=LLFFI LU,,DISP=(Ef~r.,PASSI
//DDI DO DS4=ELL0SET,DtSP=(0UL0,LELET El
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A7. PROCEDURE INVERT

Procedure INVERT (listing A-7) loads and executes program INVERT and the appropriate
subroutine. The default value for this subroutine is FFT1. Otherwise, FOURIER =LFILON must be
specified on the EXEC statement. It the impulse response, the field, or the transient response is to be com-
puted more than once, then IDISP. FDISP, or RDISP. respectively, must be set equal to MOD on the EXEC
statement.

Listing A-7. Procedure INVERT

//INdVERTH PRUE IOISP=OLU ,FO)ISP=D)LDR')ISP=OLOFOIER=FFTI
1/0 TOMI HARRIS,303-599-1745, 1 JULY 1983 ,INDEFINIIE

11v COM4PUTES 9F1

/* THIS IPROCE)URE EXECUTES THE F9JRJER TRANSFORM MAINLINE PROGRAM.
AS [If Il JULY,198')t THIS COMPUTES AN INVERSE FOURIER TRANSFORM,

IO FREQJtNCY TP TIME IOCFAIEK. ANC IT 1S EXPECTED T0 COMPUTE A FURWARD
Io FL'JFtLR TRkNSFCORM TIME TO FREZ)UENCY DOMAIN, IN THE N4EAR FUTURE.

IILi(ED EXEC PGMzJEWL.RFGICN=25OK.PLRM:'NOiAP.LIST,NUXREF,LkTI
I/SYSPRINT Ob DUM'iY
//SYSLIB 00 DSN='tiK3O14.TkMP1J4 ,OIS'=SHR

// 3 )SNzSY51.FU~RTLIB,ISPS-1R
I/SYSJT1 :r> 1,UI SSASAE=1 4, 01
I/SYSL'4JD CLI DSN:LtGOUSETIMAIN),UNIT=SYSDA,OISP=IpAssi,

II SPA(E~iTikK,(1I0,I,21 I
//SYSLlIJ DE) ID 5N =H K3 14 .L K fDJ I 41L F I E 1 ,D15 P x5H R
11FcJUR EXEC PGM* .L K E D . S L iDtDD =1 L 7, L K ED I
//FTO2FOOI CDO DSN=LLIO90ISP=I (L1P.FASS)
i/FTO3FDOI CD 0SN=ELFIMP,0!SF=fUL,PASSl
//Fro4FOO1 DD DSN=LLIMPLS,0ISP=I IISP*PASSI
//FTo5FJ)il DD DSN=LLF IEL0DOSP=(EfDISP*PASS1
W/TO61 OOI DD DSN=LEPRINT,DI SP=1MDDPASS)
//FTUBF3O1 DD DSN=LLFF IELLD,DI.SP=(O1) PASS
//FrO9FOO01 DD V SN E E P A 0D ,D15 P =1 ILD ,P A SS )
I/FT IQEOUI DO D 0SN E ER E SP tD 15P =I L RD 15P , P AS)1
/DD D 0 OS 4 EtE 05E T DO !S P 10 L D V FLFT
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A-8. PROCEDURE CON VOL

Procedure CONVOL (listing A-8) loads and executes program CONVOL It more triarr ore C(,nvoiu-
tion is to be performed, then FRO = MOD or TIM = MOD must be specified on the EXEC stiatement, depen
ding on whether the convolution is in the frequency domain or the time domain

Listing A-8. Procedure CON VOL

//JNVOLH PkjC T1M=LLV,FkQ=LLD
//6s TJ'4 144A15!,303-599-1745', 1 JULY 1)8) INDEFINITE

I CjWIPUTFS LJtNV5LUTIIN

/ TtI 5 PR3(.EDURE t XII:UUES THE (OJV3L UT ION MAINLIN W RODR A"
17 I (JMPJTES EITHEk A TtMAE [OMAIN CONVOLUTION' Uf THlE IMPULS11 RESPONSE

/5AND EFIELO DRIVE, CiR A FkkLjENY ICOMAIN PRODUCT OF THE FkkQUEN(Y
u O U'AIrN RESPONSE AND FREQUENCY JUMAIN FFIELD DRIVE.

//L'kED E X FC P(,Mz I o kFu11NS .KM NfMAFL ISTNLJXREF LfI
//SYSPRIN1 DD~ )UM!4Y
//SYSL 13 Di 1)DSN=IHK3 4. :

00 Dt DSN= 51 F IlkTL I b D I S-1R
//SYSJTI DOi JNIT=SYSDA,SPACEIli24,.2iU,2Qj)
//SYSL4J2D )) )SN=ELGISFT IMAINJ,UKII=SYSCA,DISP=IPASSI,

II !~SPACE zITRK,1IU, Ih,21I
/YSLIN DID DSN=HK3U1'..LKfDINt4((ONVJLIDISP=SHR
//C3NV EXEC PG=.KDSSMjD(h=8L.KD
//F 102FOCI U) 0SNzLEIO,UI!SP= NULL.PASSI
//frO3FOUjI bD DSN=EEF1MP,b1SP=1LLU,;)ASS)
//IT0.FD01 ['U 0SNzLL1MPLS9UIS 'tULD,PA S)
I/FlI105FD01 DD USN=LEFIELD,DI SP=(OLD,PhSSI
//1011 01 OD lDSN=LLPkINT,Dt5P= tM5D,PASS1
I/F TOBFDOI P1) OS VNzE FF II L1L DIIP w1 (LL) 9P A SS I
//FTO911 01 OD DSN=LLFPRUD9D1SP=ALFRij,PASS)
//FT IDF')O1 UD DSN=EERESP,D)ISP=I U IMPASSI
//D)l )D SS L L:,0SkT D ISP IU LD V E LE I f
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A-9. PROCEDURE OUT

Procedure OUT (listing A-9) loads and executes program OUT The default value of O7:FPLOT
HKZOO1 OFFPLOT' allows the user to write output to the bed plotter on magnetic tape for subse ,uent off-

line plotting The substitutabie parameter OFFPLOT must be set equal to SYSi DUMMYLIB for on-line
plotting The default value of HLDPLT = YES allows the OU'l') 'o the plotter to be placed in hold so that the
operator can mount a magnetic tape for the oft-line plot option Otherwise, the user must specify HLDPLT
= NO on the EXEC statement Substitutable parameters SYST and HLOPRT are used when a lob is si")mt-
te-J through TSO and it is desired to recover the output at the TSO terminal such as a plot on the
teletypewriter tn that case, the user must set SYST = Z and HLDPRT =YES. The output can then be
recovered at the TSO terminal by issuing the OUTPUT (JOBID) command.

Listing A-9 Procedure OUT

MiUTH PRUC OfF PLUT z HK30 14.0f FP LOTS YSTzA HLDPL TYfS,4LDPR7 =NO*

I#T0' HAPRIS,3o3-599-1745, I JULY 148' INDEFINITE
/*OJrPUy RCIJYI NE

i.THIS PR)3Ck3URL PLOTS THE UUTP41 RESULTS FROM4 TEMPOJ AS C0N~kOLLkD
//8 BY THE IOFLAGS IN THE 19l DAIA DECK

/LIKfD EXI:( P(,Mi[L,E&ILN=25KPA4M= hINCMAP,LIST,NUXREFLEI@
/SYSPRINTr DV DUM14Y
/515 LIB DI DSNz LUFFPLUT,DISP-SHRt

i/ LID DS4-'HK30IO.ANAPAC.9DISP=StIR
/1 DD DSNzSYS1.FUiRTLIB#DISPzS4R

DE) DSNzSYSI.PAC4D[ADD1P=S-iR
U/ 00 Sh-0HK3014.TEMPU4',VI P=SHh

l/SYSJT 1 1 DLJN It =YSDA,SPACE ~( 1)24,( ?)O 201)
I/SYS'q40tD DO DSNzEL(PUSE T(MAIN iINIT=SYSDA,OISP=(,PASJ

/, SPACE=ITRK,(1O,1O.211
//SYSL IN DD DSN=HK3O1~t.LKED1N'.ILUI),D1SP=SHR
//OJT EXEC P,Mz*.LKEO.5Y5LMI2O.COND:1B.LTLKEDI
l/FTOlF)UI DO UNIT=VltI,OISP:IPASS),SPA(E=ICYL .13.))
/tfTO2FOO1 DO DSN=ELIU,D1SP=1ULl[).ELtTf I
1//'IO3FOO), 00 DSN=EEF IMP .DI 5P=IULD,)tLt TEI
//FTO4FDOI DO DSN=LlL1fPLS,DI SP=1OLD,DELETE)
//FT05F9UI DO VSN=LEFlELD.UlISPziOLD,OELETE I
lffTObFOI li0 DSNzELPRINT,DISPzIMLD,PASS)
I/FVIJBF301 C.[ U5h NL F F I fL D , 1SP =( I ), ) fL E IE)
I/FTO9FDO DD DS N zELF P R 0, DI SP z 10 L D ,ED I S I
//FTIDI't.)1 UD DSN-lLERESPD1SP=IAULD,LD1S I
//FT IIEDDI D D DS N= ELI A ,D I S P 1 DL ).EDtI S I
//F712F001 DO UNIT V,Dt5P% ,PASS) SPACE I C Y L I III
//FlZOFO 001 0 OS N zL LNL I N D I S PIL L Dot L FT

II EXEC PG M = IE b GEN E R CON 0 fV EN
i/YSIN DO DUMM'Y
//SYSPRIhT DV DUMMY
I/SVSJT1 DO OS'i-LLPR,1NT.D1SP=I1OLD1,DFLETE)
/tSYSuT2 00 SYSOUTzESYST9HOLOzLHLUPRT
//DDI DOD DSNzLEGCSET9DISP=1OLD,0EtITf)

EI EXFE PI6M=tI[6GI[NfR,(ONDz[VEN

//SYSJIID DSN--ELPUNOATA .01SP IDIDE kLET E1
//SYSUTZ DO SYSGUT=EPUN,HGLDzELOFL1
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